The data obtained from the dairy herd of the Arab Company for Agricultural Production and Processing (ACAPP) in a semi arid area 40 km south of Khartoum involved 337 cows with a total of 1049 records from 16 years between 1986 and 2002. The least squares means for age at first calving, calving interval, days open, lactation milk yield, daily milk yield, lactation length and dry period were 29.76±0.40 months, 433.12 ± 6.70 days, 167.79±7.08 days, 3475.53±78.89 kg, 12.29±0.28 kg, 294.10±3.62 days and 164.08 ± 6.70 days, respectively. The analysis of variance showed that the parity number had significant (p<0.05) influences on all studied traits, while year-season of calving influenced (p<0.05) age at first calving, milk yield per lactation and daily milk yield. The sire of cow influenced (p<0.05) lactation yield, daily yield, lactation length and days open. The effects of linear and quadratic regressions of both lactation yield and daily yield on length of lactation were also highly significant (p<0.01). Heritability estimates of age at first calving, calving interval, milk yield per lactation, daily milk yield, lactation length and dry period were generally low (0.098±0.104, 0.047±0.046, 0.130±0.042, 0.123±0.041, 0.172±0.062 and 0.044±0.031, respectively) except the heritability of days open which was 0.51±0.37. The productivity of the herd in this study which averaged 12.3 kg/cow/day was much lower than the expected productivity of Holstein Friesian cows, which reflects the negative impact of the prevalent environment in the Sudan. More records and economic data are required to examine the economic feasibility of raising pure Friesians under Sudan conditions. Standardfehler (0,098 ± 0,104; 0,047 ± 0,046; 0,130 ± 0,042; 0,123 ± 0,041; 0,172 ± 0,062 und 0,044 ± 0,031 
Introduction
The Sudan lies entirely within the tropics between latitudes 22° and 4°N. Cattle are the main source of milk and meat in the Sudan and despite the huge numbers of cattle in the country (36 million heads according to AOAD, 2004 ) the Sudan has to import an appreciable proportion of its milk requirements. Although highly adapted to the local environment and to the needs of stockholders the indigenous types of cattle are mostly poor milk producers, but there are some promising local types (SAEED et al., 1987; MUSA et al., 2005) . The need for a quick solution to the problem of the deficit in milk production has led to the importation of high producing European dairy breeds. During the last three decades the Sudan has seen some major importations of exotic dairy cattle. In 1984-85 the Arab Company for Agricultural Production and Processing (ACAPP) imported 1000 Friesian heifers-in-calf from West Germany. In the same period Khartoum Company for milk products imported 500 heifers and the Islamic development Company imported 750 heifers in the period [1986] [1987] [1988] [1989] and since that time the importation of Friesian cows has become widespread. In addition artificial insemination with imported Friesian semen is widely used in farms close to urban centres and even in some rural areas. In the last few years some of the ventures that were based on imported Friesian cows started to fail. Temperate breeds suffer from inadequacy of feeding in both quantity and quality, inadequate management and the prevalence of parasites and diseases. High costs of feeding, veterinary care, the special housing needs of exotic cattle and the constraints of the local physical and biotic environment probably contributed to the demise of these ventures. Efforts to investigate the causes of failure of these ventures have been hindered by the lack of access to production records. In this paper we attempt to study the performance of Friesian cows of the ACAPP herd whose dairy activities ceased in 2002, the object is to study the impact of genetic and environmental factors on the performance of Friesian cattle under the semi arid environment of Khartoum State.
Materials and Methods
The dairy farm of the Arab Company for Agricultural Production and Processing (ACAPP) is located 40 km south of Khartoum in a semi arid area with an annual rainfall of 167 mm. Most of the rainfall (about 70 mm) is during the wet summer season that extends from July to September. Temperature in the area is high with an annual mean average of 30.7 o C and extremes of over 45 o C. The hottest months are June and July with a mean average temperature of 35.5 o C. The lowest temperatures are usually recorded in January with an average temperature of 24.6 o C. Humidity is generally low which makes the high temperatures more tolerable. Animals were kept in shaded pens with concrete floors throughout the day and were allowed to rest in a fenced unshaded yard during the cool hours of night. The buildings are essentially open with low walls and shutters on the south western side to protect against dust storms. Groups of 48 cows were housed together in a single pen. Lactating cows, dry cows, cows in late pregnancy, stud males and calves were penned separately. The animals were fed on green fodders or dry roughages and a concentrate mix, the latter offered twice daily. The concentrate mix usually consisted of all or some of the following ingredients: Cakes, wheat bran, sorghum grain, molasses, sorghum gluten, salt and lime. There were annual and seasonal fluctuations in the quality and availability of feedstuffs. Cows were machine milked twice daily in a 16x2 milking parlour supplied with cooling and storage facilities to serve 500 cows. Artificial insemination using imported semen of proven bulls was used. All animals in the farm were regularly vaccinated against endemic diseases such as rinderpest, anthrax and foot and mouth disease. Spraying with acaricides for the control of ticks was done twice monthly.
Data analysis:
The data obtained from the ACAPP herd involved 337 cows with a total of 1049 records. The data covered 16 years between 1986 and 2002. The traits studied were milk yield per lactation, daily milk yield, lactation length and dry period. The data was analyzed using Harvey's (1990) The heritabilities were estimated by paternal half-sib variance analysis as described by BECKER (1975) . Differences between means were tested using Duncan's Multiple Range Test (DMRT). Tables 1, 2 and 3 show the analysis of variance performed on the ACAPP data using a mixed model. The results indicated that parity number had significant (p<0.05) influences on all studied traits, while year-season of calving influenced (p<0.05) age at first calving, milk yield per lactation and daily milk yield. The sire of cow influenced (p<0.05) lactation yield, daily yield, lactation length and days open. The effects of linear and quadratic regressions of both lactation yield and daily yield on length of lactation were also highly significant (p<0.01). The results also showed that linear and L.S.M = least squares mean S.E = standard error n = total number of observations Means without a common superscript differ significantly (P<0.05) (Winter = November -February, Dry summer = March -June & Wet summer = July -October) ** = P<0.001 n.s = not significant Table 3 shows the least squares means of lactation and daily milk yield and lactation length. The overall average milk yield of the Friesian herd of ACAPP was 3475.53±78.89 kg in an average lactation length of 294.10±3.62 days and the average daily milk yield was 12.29±0.28 kg. There was a large significant difference between the first and second lactation (+310 kg) and despite the fact that the maximum milk yield was reached in the fourth lactation it was not significantly different from the mean of the third lactation. There was important variation among calving year seasons and the average milk yield varied from a low of 2881.38±137.34 in the dry summer of the period 1986-1989 to a high of 3880.94±203.56 kg in the winter of 1995-2002. Lactation length was highest after the first and second parities (298 days) and was lowest in the fourth parity (286 days). Table 4 presents estimates of heritability of the studied traits. Heritability estimates of both milk yield per lactation and daily milk yield were low (0.130±0.042 and 0.123±0.041, respectively). Also the heritabilities of the reproductive traits were generally low except for the heritability of days open (0.51±0.37).
Results

Discussion
Reproductive traits
Age at first calving was not significantly (p>0.05) affected by sires indicating that differences between sires in the rate of maturity of their daughters were not important, but it was significantly affected by year seasons of birth. However, the data set of age at first calving was the smallest among all traits studied (300 records). The average age at first calving in the present study of 29.76 ± 0.40 is consistent with other estimates from the arid tropics. CHAGUNDA et al. (1995) and WOLLNY et al. (1998) studied records of 239 and 268 Holstein Friesian cows in Malawi and found that the average age at first calving was 28.0 and 25.6 months, respectively. CHAGUNDA et al. (2004) found that the age at first calving in three herds in Malawi was 33.1±0.45, 32.6 ±0.45and 31.5±0.24 months. These results are an indication of the limited possibility for intensive heifer rearing under tropical feeding systems.
Calving interval was not affected by sires or year seasons of calving but was significantly (p<0.05) affected by parity. TAWFIK et al. (2000) reported a significant effect of season and year of calving and parity on calving interval. The least squares mean for calving interval was 433.12 ± 6.70 and it increased significantly (p<0.05) from 422.86 ± 8.08 in the first parity to 445.97 ± 9.67 in the third parity. Estimates were generally very close to the estimates of EL AMIN et al. (1986) who found that the average calving interval calculated from 4004 records of different grades of B. taurus x Butana cattle in the Sudan was 441 days. TAHIR and MAAROF (1988) in Iraq found that 1396 calving interval records were not significantly affected by sire, age at first calving or parity. CHAGUNDA et al. (2004) reported that the second calving interval increased from 407±4.53 for progeny of sires with low breeding values for milk yield to 446±14.2 days for progeny of sires with high breeding values. They indicated that there was an apparent antagonistic relationship between milk yield and reproduction, in contrast with WOLLNY et al. (1998) who did not find a strong relation between the two. The number of days open was not affected by year seasons of calving (p>0.05) but was highly significantly affected by parity (p<0.05). The number of days open increased significantly as parities advanced from 141.42±8.81 in the first parity to 194.70±15.10 in the fourth parity. JUMA and AL TIKRITI (1990) analyzed data on 272 Brown Swiss and 273 Friesian cows in Iraq and found that the service period in the two breeds was 138.19±0.04 and 145.54±2.85, respectively. ATIL (2000) found that mean days open for Holstein Friesian in Egypt was 124±83.7 days. Heritability estimates of all studied reproductive traits were below 10% except for days open which had a heritability of 0.51±0.37. Our estimate for days open is higher than that obtained by ATIL (2000) . The heritability estimate for calving interval agreed well with that of CHAGUNDA (2004) but it is lower than the estimate obtained by TAWFIK et al. (2000) . On the other hand, CHAGUNDA (2004) estimated a higher heritability for age at first calving (0.2) compared to our estimate of 0.098±0.104, which in any case had only limited value considering the large error term.
Productive traits
The analysis of variance of milk yield per lactation and daily milk yield revealed a highly significant (p<0.001) effect of sire, year-season, parity number, and linear and quadratic regressions on lactation length in both characters. These findings agree with the results of MBAP and NGERE (1989) who analyzed Friesian data from Nigeria, ATIL (2000) for Holstein Friesian in Egypt, KUNAKA et at. (2001) for a Friesian population in Zimbabwe, and HERNANDEZ et al. (2002) for Holsteins in Mexico. The variation in milk yield between years and seasons may be due to changes in management and variation in feed quality and quantity. Average milk yield increased with parity number and reached a maximum in the fourth parity. It is well established that the tropical environment has a negative impact on the expression of the genetic potential of improved European breeds. In this study overall mean milk yield per lactation and daily milk yield were 3475.526±78.89 and 12.29 ±0.28 kg, respectively. These results are higher than those reported by TADESSE and DESSIE (2003) who analyzed data on Holstein Friesians and their crosses with local zebu cattle in Ethiopia. They obtained estimates of total, annual and daily milk yield, from records of 90 Holstein Friesian cows as 3183±111, 2679±120 and 9.43±0.39kg, respectively. Also the results are higher than those obtained by HERNANDEZ et al. (2002) who studied records of 351 Holstein cows in Mexico. They reported that the overall means and standard errors for lactation length, milk production and 305 days milk production were 305 ± 6.4 days, 2918 ± 67.6 kg and 2635 ± 51.9 kg, respectively. However, our estimates are lower than those of GYAWU et al. (1990) for 305 day milk yield of Holsteins in Ghana. AHMED et al. (1996) obtained higher estimates for the milk yield of imported and locally born Holsteins in Libya. The latter was an analysis on data obtained from a herd situated in the eastern high altitude coastal region of Libya where temperatures are moderate year round. In Egypt KHATTAB et al. (2005) analyzed 2095 records of Friesian cattle and found that milk yield in the first five parities was 4320±53, 5349±53, 4984±58, 4868±59 and 4389±85 kg, respectively. OJANGO and POLLOTT (2002) studied the relationship between Holstein bull breeding values for milk yield derived in the United Kingdom and Kenya to estimate the magnitude of any genotype by environment interaction. They reported a difference in genetic variance between the two countries, with the heritability for first lactation 305 days milk yield being 0.45 ± 0.02 in UK and 0.26 ± 0.06 in Kenya and that the genetic correlation between first lactation milk yield in the two countries was 0.49 ± 0.06, implying a genotype by environment interaction in milk yield. Also they estimated the relative rate of response in milk yield in Kenya based on UK breeding values to be 44% of the rate expected in the UK. MOHSEN et al. (2000) used original data of 774 first lactation records of daughters of 124 sires of Friesian herds in Egypt and 9219 first lactation records of daughters of 679 sires of Friesian herds in Germany to estimate genetic and phenotypic trends of 305-day milk yield (305-dMY), lactation period (LP) and calving interval (CI). Annual genetic change was 112.99 kg, -0.92 day and 1.78 day for 305-dMY, LP and CI, respectively for Friesian cows in Egypt and was 200.38 kg, 0.12 day and -1.05 day for 305-dMY, LP and CI, respectively for Friesian cows in Germany. For the same set of traits they found that annual phenotypic trend was 48.00 kg, -1.66 day and -1.82 day for Friesian cows in Egypt and was 104.00 kg, 0.17 day and 0.78 day, for Friesian cows in Germany. The coefficients of variation for milk yield in this study amounted to 30.21% and 30.44, respectively. This is higher than the value commonly accepted for the coefficient of variation of milk yield (14-20%). The higher value obtained in this study indicates firstly, more variable production and management conditions and secondly, considerable scope for improvement.
General production problems The productivity of the herd in this study which averaged 12.3 kg/cow/day was much lower than the expected productivity of Holstein Friesian cows. The cost of maintaining pure Friesians under the tropical conditions of the Sudan is high. They require specially designed pens to minimize direct exposure to the sun and even so signs of heat stress are obvious during the summer months when temperature may exceed 45 o C. In addition, feed requirements, vaccination and health costs of pure Friesians are much higher compared to those of local or crossbred cows. The combined effect of these factors was probably the cause of the termination of the venture and the sale of the herd in 2002. The company that took over the herd in 2002 also sold out in 2006 and the herd was dispersed. Access to more records and economic data might allow a more thorough examination of the performance of pure Friesians under Sudan conditions. However, it is important to investigate the economic feasibility of raising Holstein Friesian in the semi intensive sector in peri urban areas.
The current study had confirmed that Friesian heifers reared under Sudanese farm condition have age at first calving of almost 30 months indicating a much lower rearing intensity than that in temperate dairy systems. Performance levels for milk yield and lactation length are comparable with other results for Friesian herds in tropical countries, but far below the genetic ability of the breed. The environmental stress is most evident in reproduction performance traits, which are well below the biological optimum and deteriorate with increasing age.
Days open of more than 6 months for cows that do get pregnant and the continuous reduction in numbers of cows from 2 nd to 3 rd and especially 4 th lactation clearly demonstrate the problem of sustainable milk production with Holstein Friesian cows under conditions which do not meet the feeding and husbandry demands of these cows.
